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Abstract: The idea of multi cohesive areas is a new, theo-
retical model of quantum particle mass. This model con-
tains a darkmatter sector. Moreover, it can explain the cur-
rent experimental data on both dark matter and dark en-
ergy phenomena. In this work, the current status of this
idea from theoretical and experimental perspective will be
shown. Itwill bedonebypresenting themotivationbehind
its creation, its theoretical foundation and how it explains
the mentioned current experimental data. The result from
this work is a proof that in the further MCA development,
quantities like particles or fields have to find a new image
in which they are created by the speed of light. The con-
clusion from this work is that the mentioned development
can create a theory for all interactions. Moreover, such a
theory will have a practical value. Namely, by using this
theory, the “disappearing” matter in the visible world will
be available by changing into dark matter. This, together
with the fact that the current dark matter models do not
yield any significance outcomes, is a proof that such a de-
velopment is at least worth considering.
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1 Introduction
The idea of multi – cohesive areas (MCA) [1, 2] gives a
new image to the quantum particlesmass. This model con-
tains a group of particles that have the properties of dark
matter. There are two most established ways of explain-
ing this phenomena. Those are the modified gravity theo-
rems in the frame of MOND and changes in General Rel-
ativity [71] and searching for a new type of particles [3–

*Corresponding Author: Maciej Chojnowski: Ronin Institute,
Montclair, New Jersey, United States of America;
Email: maciej.chojnowski@ronininstitute.org

5]. However, studies made in [6] favor the latter. Moreover,
in [7] it is proved that even if a group of modifications
is made to gravity, substantial DM is still needed. On the
other hand, popular models based on DM as particles, like
WIMPs or AXIOMS, also do not yield any significant out-
comes [4, 5, 8–12]. This situation generates the need for a
new, testable idea. MCA is a response to such a need.

The current status of this idea from theoretical and ex-
perimental perspective will be presented. Starting point
will be presenting the motivation behind MCA creation.
Next, its foundations and the main result, which is a new
geometrical model of quantum particle mass. This model
was obtained by reinterpreting the Heisenberg principle
from momentum and location (HPML). generalization of
this reinterpretation will be done and by doing that it will
be shown that in MCA’s image, HPML is unified with the
existence of the maximum speed of energy propagation c
- introduced by the special theory of relativity (STR) [13].
The same will be done for energy - time uncertainty rela-
tion (HPET). By doing that, the same physical ground to
both HPML and HPET will be given. All of that are new re-
sults in current MCA’s development.

The purpose for all of that is placingMCA’s foundation
on solid grounds and by doing that revealing what change
has to be made in its further development. As it will turn
out the spectrum of this change contains a new image of
fields and particles, a new image of time and a change in
the HPML and HPET interpretation. Such a change means
no less than a change of paradigm [14]. But, since theories
which create this paradigm cannot explain the current ex-
perimental data on DM and DE phenomena as MCA does,
then this change seems to be necessary.

In the frame of experimental data, one of the most
uniqueMCA’s results is the prediction that DM particle cre-
ation probability gets bigger with the bigger initial number
of fermions taking part in a single collision act [2]. The im-
portance of this result lies not only in the explanation of
the lack of DM signals in LHC [1–5], but also in the possibil-
ity of DM creation from fermions particle. Namely, by this
process it will be able to “disappear” things by changing
them into DM.

https://doi.org/10.1515/phys-2019-0012


Idea of multi cohesive areas - foundation, current status and perspective | 105

Moreover, this result from astrophysical perspective
will be investigated. At that scale, the second most im-
portant MCA result – the source of dark energy (DE) [15]
will also be introduced. By using CPT symmetry it will be
proved, that MCA’s DM antimatter has a negative mass,
which is a source of a repulsive force, which in turn can
explain the DE phenomenon [16–18]. This is another new
result in current MCA development. Such a new result is
also obtaining the stability of a negative mass, by using
mass (M), parity (P) and time (T) symmetry. A prove, that
such stability is needed is presented in this work. More-
over, it will be proved, that the repulsive force between
MCA’s DM and its antiparticle, can explain the lack of DM
annihilation signals [4, 5, 19–21] and can point out where
such signals should be looking for. It will be shown that,
all of those results not only explain the current experi-
mental data, but also make predictions. However, those
predictions are not precise yet. For example, according to
thementionedMCA’s result, probability of DM particle cre-
ation gets bigger with the initial number of fermions tak-
ing part in a single collision act [2]. But, this does not tell
us howmany fermions have to be used to create DM. Such
a lack of preciseness is the main reason for which MCA on
this stage cannot yet be treated as a theory.However, this is
where further experimental MCA’s verification can by use-
ful. Taking that a theory shouldbe calibrated toward exper-
imental data, never in the opposite direction, can be stated
that further experimental MCA verification could create
building blocks for creating a theory from them. It is a
quite beautiful perspective when experiments on both mi-
cro and cosmic scale complement and support each other.

However, having those building blocks would be use-
less, without a solid theoretical frame. For that reason, to
make a theory fromMCA, alongsidewith experimental ver-
ification, theoretical supplementation has to bemade. The
goal of this work is to create the first step to doing so. It will
be done by showing tools for further MCA development
and the direction for it. As it turns out this direction is the
theory of unification of all known interactions. It is so, be-
cause as itwill be proven,MCA’sDM interacts only via grav-
ity. But, by the fact that MCA’s mass model contains also
visible particles – described in the frame of the Standard
Model (SM) [22, 23] - the new image of similarities between
gravity andSM interactionswill be pointed ou. Thatwill be
a starting point to pave anew road to combining all interac-
tions, for which MCA can be a base. The fact, that already
on this stageMCA, gives explanation to the currentDMand
DE phenomena is a proof that this theory will be fruitful.
The fact that other DM models and ideas of unification of
all interactions do not yield any significance outcomes is a
proof that this theory is needed.

This work is structured as follows: in the next section,
the motivation behind MCA’ creation and its foundation
and main result are presented. Next, the MCA containing
DM and DE is proven. Then, HPML and HPET are general-
ized. It will be used in the section, where the possibilities
of experimental MCA’s verification will be presented.

2 Motivation
The motivational question behind the MCA’s creation was
- is quantum particle mass built by more elementary quan-
tities, which means, that it is something emergent [1, 2]?
Below is the reasoning for this question.

Quantummechanics (QM) in its established form was
born by using de Broglie hypothesis on the wave nature
of particle mass. In this hypothesis, it was assumed, that
some wave is associated with the mass of particles [24].
But, what kind of wave it is, was not explained. Never-
theless, this hypothesis was used by Schrodinger in his
formalism of quantization as eigenvalue problem [25, 26].
The key factor of this formalism is the Schrodinger equa-
tion, which can be obtained in analogical way as classi-
cal Hamilton – Jacobi equation but instead of using deriva-
tives of an action function, QM’s operators of energy and
momentum are used [27]. It is mentioned to point out, that
this formalism does not change the interpretation of mass
m from what it is in classical mechanics. It just puts m to
Hamiltonian operator without changing its physical inter-
pretation. Thus, m in QM’s Hamiltonian is the same as m
in classical Hamiltonian - scalar quantity with inertiam.

Therefore, Schrodinger formalism and object that it
uses – the waves from de Brogile hypothesis - does not tell
whatm is. It seemsquite disturbing if it is taken thatQMbe-
came a foundation for particle physics. On the other hand,
from STR it is known thatm is a form of energy [13, 28, 29].
These considerations led to the mentioned question.

But, these considerations also point out how an an-
swer was found to this question. Since, as was mentioned,
Schrodinger equation describes the classical mass, thus in
search for the nature of quantum particle mass, other part
of QM has to be used. The part which is truly and only
quantum. Such part is the Heisenberg principle. It is so,
because this principle does not have its analogy in classi-
cal mechanics [24, 26, 30]. It exists only in QM. Also, it de-
scribes momentum which is directly related to mass. For
that reason, the search for an answer was due to focus on
the reinterpretation of HPML. Assuming that HPML is an
intrinsic property of nature [27, 31], its reinterpretation is
allowed. Such reinterpretations are not new in physics. For
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example, gravitational interaction, since it is a property of
nature itself, has been reinterpreted by general theory of
relativity (GR) as curvature of time – space. Before that,
this interactionwas interpreted in the form of vector forces
[29, 32].

Thus, the answer to MCA’s motivational question was
obtained by reinterpretation of HPML. But, in this reinter-
pretation, the mentioned mass energy equivalence could
not be omitted. Since foundation for this equivalence is
the Lorentz invariance [29, 33], thus this reinterpretation
and the entire MCA is based on mathematical apparatus
forwhichLorentz invariance is also fundamental – the con-
formal algebra.

This section can now be summarized : the motiva-
tional question behind the MCA creation was - is quantum
particle mass something emergent, whichmeans it is com-
bined of more elementary quantities? Answer to that ques-
tion was found by the reinterpretation of HPML using the
conformal algebra. It is time to present the result of this
answer and the way by which it was found.

3 MCA’s foundation and main result
As mentioned in the previous section, in searching for the
answer to such motivational question, mass energy equiv-
alence could not be omitted. Foundation for this equiva-
lence is Lorentz invariance. For that reason, MCA’s foun-
dation is a mathematical apparatus which was born from
this invariance – the conformal algebra [34, 35].

MCA uses two-dimensional version of it [36].
This mathematical apparatus allows describing the 3-
dimensional space of the physical observation R – home-
omorphic to Minkowski space [37] - by the 2-dimensional
complex plane C [36, 37]. It is so because of the stereo-
graphical mapping between Riemann sphere S, isomor-
phic to R, and complex plane C. This mapping is bijective
and conformal [37]. The isomorphism between these three
spaces can be pictured as follows:

C ←→ S ←→ R (1)

Moreover, in this theory, Lorentz action in the space of the
physical observationsR is substituted by the homographic
mapping at complex plane C

f (z) = az + b/cz + d (2)

where a, b, c, d are the complex numbers. Homeomor-
phism of these groups can be pictured similar to (1), as

L ←→ PGL(2, C)←→conformal group of (3)

a sphere S

Conformality of the homographic mapping and stereo-
graphicalmapping, as it turnout, is very important inMCA.
This conformality is responsible for the fact that circles in
MCA are universal – they are the same for different iner-
tial observers [37]. Also, circles on C plane are circles or
a straight line on the R real space. Moreover, since stereo-
graphical mapping is bijective [37], then circles on C plane
are circles in R. All of that is in the frame of conformal
algebra in two dimensions. However, this theory is usu-
ally used in building a field theory [34, 35]. Such a two-
dimensional conformal field theory (like any other field
theory) is determined by its space of states and the collec-
tion of its correlation functions [34]. MCA is not defined by
such a space and functions. Instead,MCA is determined by
its assumptions. Reason for which MCA does not operate
in the frame of fields, will be explained later.

First MCA assumption is that derivative of (2) function
is the speed of light at C plane

df (z)/dz = V(z) (4)

Taking the above-mentioned fact that 3-dimensional
real space R corresponds to the C plane, where (2) is de-
fined, and the fact that homomorphism of this spaces is bi-
jective, it can be stated that speed of light corresponds also
to the 3-dimensional real space of physical observationsR.

According to vector interpretation, the derivative of
the complex function defines a vector field at the complex
plane [36, 38]. Thus, it can be stated that this assumption
introduced the field of the light speed vector. Moreover,
this derivative (4) is defined in areas where Cauchy – Rie-
mann conditions are true

∂φ
∂x = ∂ψ∂y

∂φ
∂y = ∂ψ∂x (5)

where the fact that (2) function can be written by using the
function of real variablesφ(x,y),ψ (x,y)was used [36, 38].

f (z) = φ(x, y) + iψ(x, y) (6)

Moreover, according to complex analysis and differential
geometry, a derivative (4) exists only in areas in which [36,
38]:

∇ × V⃗ = 0 (7)

∇ · V⃗ = 0 (8)

where

df (z)
dz = V(z) = ∂φ∂x + i ∂ψ∂x = 1

i
∂φ
∂y + ∂ψ∂y (9)
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C-R conditions (5) are equivalent to (7) and (8), if taking
(4) into consideration [39]. In other words, (5) can be sub-
stituted by (7) and (8). Indeed, using the fact that assump-
tion (4) introduces a field of the light speed at C:

V⃗ = (vx , vy) (10)

Then, using (5), (9) and (10), C-R equations are obtained

vx =
∂ψ
∂y ; −vy =

∂ψ
∂x (11)

vx =
∂φ
∂x ; −vy =

∂φ
∂y (12)

Taking now a differential of (5) respecting (11) and (12), ob-
tain (7) and (8), are obtained. From (11) and (12), it can be
stated, that functions φ(x,y), ψ (x,y) represent fields on
the real plane, which correspond to complex plane C.

Taking the integral from (4):∮︁
Vdz =

∮︁
(vxdx + vydy) + i

∮︁
(vxdy − vydx) (13)

it can be seen that the real part of this integral equals the
circulation of the lights speed vector at the closed curve

Re
∮︁
Vdz = Γ =

∮︁
(vxdx + vydy) =

∫︁
∇ × V⃗dxdy (14)

and the imaginary part equals the productivity of the
source – value of the source of the light speed field

Im
∮︁
Vdz = Q =

∮︁
(vxdy − vydx) =

∫︁
∇ · V⃗dxdy (15)

From comparing (14) with (7) and (15) with (8) it can
be observed that (14) equals zero when (7) is true, and (15)
equals zero when (8) is true [39]. Since in this stage of the
MCA’s development, the physical meaning is only had by
(14), in the further part of thiswork (15) and (8)will be omit-
ted.

Summarizing the first MCA’s assumption – it intro-
duced the field of the light speed vector at C plane. Also,
alongside with that, two functions of real variables are in-
troducedφ,ψ. Those functions represent fields at the real
(x,y) plane, which correspond to the complex plane. First
of those fields describes a direction of the light speed vec-
tor, and the second represents the value of this field at
some point [36, 38, 39]. Thus, those functions show how
the field of the light speeds spreads and give the value of
the light speed vector at some point. These function satis-
fied (5) condition as a necessary condition for (4) to exist.

Moreover, this assumption introduced two types of ar-
eas. The first one where (7) is true and second one where
(7) is not true. From (14) it can be observed that border be-
tween these two types of areas is the line of the circulation

of the light speed vector. Inside the circulation curve, the
area is not holomorphic – (7) is not true and (4) does not
exist. Outside the curve, the area is holomorphic – (7) is
true and (4) exists. Now, the multi cohesive areas can be
explained. It is an area where on a single complex plane C,
there are holomorphic and not holomorphic areas, sepa-
rated by the line of the circulation of the light speed vector
Γ.

The second and the last MCA assumption is that en-
ergy can be exchanged only in points where (4) function
equals zero. In such points, according to conformal alge-
bra, function (2) is not conformal [34–37]. Those points are
called the zero point zi. To better illustrate this assump-
tion consider the following situation. An observer located
at point A sends a light signal to an observer located at
point B, using a flashlight. The exchange of the mechan-
ical energy (e.g. energy to press the switch and turn on the
flashlight) are omitting and focusing only on two phenom-
ena - creation and annihilation of the photon. First zero
point is in A. In point A, energy is exchanged between a
flashlight and an electromagnetic field – the creation of a
photon. The second zero point is in B, inwhich electromag-
netic field transmits the energy to the observer (to the par-
ticle belonging to the observer’s body) – the annihilation
of the photon.

That is all in the frame of MCA’s assumptions. Let no-
tice, that such assumptions introduce a discreetness in
the area where energy can be exchanged, so also where
interaction can take place. It is so, because according to
MCA’s second assumption, energy can be exchanged only
at zero points. Since those points are defined only where
function (4) is defined, then it can be stated, that in non-
holomorphic areas there are no zero points, so there are no
interactions. Thus, as it can be seen, MCA limits the inter-
action areas by introducing zero points as the only points
where energy can be exchanged and non-holomorphic ar-
eas, where those points cannot exist.

The existence of areas where interaction cannot take
place in string theory led to change of HPML into gener-
alized uncertainty principle (GUP) [40]. Having a different
motivation, mentioned in the previous section, MCA also
changes HPML. It will be shown now how.

To do that, a proper (4) function for the following situ-
ation should be found. The fact that (4) can be written as
a Laurent series will be used

V(z) =
n=∞∑︁
n=−∞

anzz (16)

Let a free particle with quantum inertial mass m be
located at the non-holomorphic area – inside the circula-
tion curve. Let the circulation curve have the shape of a
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circle, because of the universality of those - the same for
different inertial observers. Moreover, let outside circula-
tion, area be fully holomorphic and conformal. Since func-
tion (4) is a derivative of a homographic function, only
fully holomorphic part in (16) is a0. So, a0 ≠ 0 outside the
circulation curve. Let a0 = c be the speed of light in vac-
uum. To obtain conformality of a holomorphic area, zero
points have to be located in non-holomorphic area or at
the edge of it - on the circulation curve. It is so, because in
zero points, function (2) is not conformal. Thus, to erase
the non-conformality from holomorphic area, one have to
put zero points at the mentioned location. Taking all this
into consideration, plus the fact that, according to MCA’s
assumption, (16) has to represent a derivative of a (2) func-
tion, it is obtained

a0 = c; a−1 =
iΓ
2π ; a−2 = cR2; an = 0 (17)

for n ≤ −3 and n > 0. Thus, using (17) and (16), it is

V(z) = df (z)dz = −c
(︂
1 − R

2

z2

)︂
+ iΓ
2π

1
z (18)

It should be noticed that a different way to obtain a holo-
morphicity of an outside circulation area, is to assume that
far from the circulation and particle in it, so when z→ ∞,
it is V(z) = a0 = c.

Let now define HPML. MCA’s uncertainties as follows:

∆x = R (19)

∆p = }
∆zi

(20)

where, ∆zi = zß+1 − zi. The reason for such definitions of
uncertainties will be explained later. In QM, the product of
uncertainties in the case of a free particle equals [1, 26, 30]:

∆x∆p = }
2

√︂
1 + 4(∆p)2t2

}2m2 (21)

For the t > 0, it can be seen that this turns into HPML
To obtain analogical product with uncertainties de-

fined as (19) and (20) in the case of a free particle located at
the circulation curve, zero points in (18) have to be found,
to calculate ∆zi in (20). Since, according to MCA’s assump-
tion, zero points zi are points for which V(zi) = 0, to find
those, have to compare (18) to 0. By doing that, it is ob-
tained:

∆zi = 2
√︂
R2 − Γ2

16π2c2 (22)

It should be noticed that for |Γ| ≤ 4πRc

∆zi =
√︁
(∆zi)2 = |∆zi| (23)

Now, a product of (19) and (20) can be calculate. Using (22),
it is obtained

∆x∆p = }
2

√︃
1 + Γ

2 (∆p)2
4π2c2}2 (24)

It can be seen that for Γ > 0, HPML is obtained. By
comparing (21) with (24), it is:

m = hΓ k (25a)

where m – quantum particle (inertial) mass; h – Planck’s
constant, Γ circulation of the light speed vector (circula-
tion); k = ct/∆zi. ∆zi= zi+1−zi.

(25a) is themainMCA’s result. Above equationwas the-
oretically verified by obtaining established mass energy
equivalence m = E/c2 from it [1]. For the rest mass, k =
ct/∆zi = const = 1. This equivalence between (25a) and
m = E/c2 is a result of the fact, that both MCA and STR
from which m = E/c2 was obtained, have the same foun-
dation – Lorentz invariance.

This new model of quantum particle mass (25a), cor-
responds to the three groups of particles presented in the
figure below: First two (from the left) groups of particles
were identified as follows:

• Fermions are particles for which |Γ| < 4πRc
• Bosons are particles for which |Γ| = 4πRc

This grouping was done by introducing the total circu-
lation. This quantity, due to Cauchy integral theorem for
multi cohesive areas, is equal to the number of all circula-
tions contained in the total circulation [36, 38]. Moreover,
as it was proved in [1, 2], this quantity is time constant. Let
us call this rule the total circulation symmetry. By applying
this rule to the fact that boson can fall apart into fermions,
and fermion cannot fall apart into bosons [26, 28], it was
stated that bosons have to have bigger value of circulation
than fermions. Only then, the process of braking a boson
into fermions would not violate the total circulation sym-
metry rule.

It can be seen in Figure 1 that for a single circula-
tion area, for bosons would be ∆zi = 0. Then, according
to (25a), the mass of the boson would be infinity. To omit
that, a characteristic of bosons from SM has been used.
According to SM, bosons transmit energy, while fermions
are constituents of the matter [22, 23, 41]. Thus, bosons
transmit energy between fermions. From MCA’s perspec-
tive, this transmission is due to distribution of the zero
points between two zero points located at the circulation
areas of two fermions. Thus, it has to be assumed that the
second zero point for boson is located at the different circu-
lation area than the first zero point. To obtain that, it was
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Figure 1:MCA’s particles at complex plane C. Zero points are marked with grey dots. As it can be seen, curvature of the lines of the light
speed field at the outside part of circulation is generated by the circulation itself [2]

taken that k in (25a) for bosons case is:

z → g(z1) (25b)

It is then:

V1 = V
[︀
g(z1)

]︀ dg
dz1

(25c)

g(z1) is a conformal transformation. Location of the first
zero point is given by V[g(z1)] = 0 and the location of the
second zero point is given by dg/dz1 = 0. After that, bo-
son’s mass is no longer infinite. It is graphically presented
in [1].

As it can be seen, there is one more group of particles
|Γ| > 4πRc. Next section is devoted to it.

4 MCA’s DM and DE model
In this chapter, it will be proven, that the last group of
MCA’s particles, for which |Γ| > 4πRc, is a perfect DM can-
didate [3–5]. Moreover, it will be shown, that MCA’s DM
antiparticles have a negative mass. Such a quantity, as a
source of a repulsive action, can explain the DE phenom-
ena [16–18].

Let start from presenting MCA’s DMmodel.

4.1 MCA’s DM

It was mentioned, that from (25a) the rest mass from STR
can be obtained. That justifies comparing (25a) to:

m = hΓ k =
m0√︁
1 − v2

c2

(26)

Taking thatm0 = h/Γ, is obtained:

cdt = 𝛾d∆zi (27)

where 𝛾 = (1 − v2/c2)−1/2 and v is the particle speed in in-
ertial system. The (27) can be used to the relativity distance
(signature is + - - -).

ds2 = (cdt)2 − dl2 = 𝛾2d(∆zi)2 − dl2 (28)

Where dl2 = dx21 − dx22 − dx23
From grouping particles in the previous chapter and

from (23) it can be stated that for fermions and bosons it is
∆zi = |∆zi|. So, according to (28), ds2 has a real value for
those particles. But, for |Γ| > 4πRc, ∆zi ≠ |∆zi|. It can be
seen in Figure 1 that zero points for |Γ| > 4πRc are located
at the imaginary axis y. Thus, for this case it is ∆zi = ia,
where i is the imaginary unit, and a is a distance between
zero points in a real value. Thus, for |Γ| > 4πRc it is

ds2 = (cdt)2 − dl2 = 𝛾2d (∆zi)2 − dl2 (29)
= 𝛾2d (ia)2 − dl2 = −𝛾2da2 − dl2 < 0

Therefore, for this circulation it is ds2 < 0.
Interactions in SM are described by interchange of en-

ergy by bosons. Bosons transmit energy from one fermion
to another [22, 23, 41]. Thus, SM interactions are described
by transmission of energy from one point, where the first
fermion is, to another point, where the second fermion
is. But, such transmission, that is an exchange of energy,
according to STR, can take place only in ds2 ≥ 0 [29, 34].
Thus, interacting fermions and boson, that carry the en-
ergy between those fermions, all have to be in ds2 ≥ 0 area.
Moreover, energy cannot be transmitted between ds2 ≥ 0
area and ds2 < 0 area. It is so, because if it would be pos-
sible, then speed of energy propagation would be greater
than c, which is in contradiction to STR [29, 34]. Therefore,
ds2 < 0 areas are free from exchange of energy based on
transmission of energy by bosons - SM interactions. But
those areas, according to (25a), createmass of particles. Ac-
cording toGeneral Relativity, everythingwithmass/energy
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interacts via gravity [42, 43]. Indeed, all circulation ar-
eas, presented in Figure 1, are immersed in area where
V(z) = c, so outside circulation is ds2 ≥ 0. It is due to the
fact that in construction of (18), it was assumed that only
fully holomorphic part a0 is equal to c. Circulation area,
by its existence itself, bends the light speed field of this
outside area, where ds2 ≥ 0. It can be seen in Figure 1. Be-
cause of the fact that circulation area and the outside holo-
morphic area are smoothly connected, any bending of the
outside area has an effect on the circulation area. Since
bending the speed of light field means bending the speed
of light path and that means the curvature of the time -
space which is a manifestation of the gravity interaction
[29, 43], it can be stated that all MCA’s particles interact
via gravity.

Finally, it can be stated that since |Γ| > 4πRc particles
are free from exchange of a bosonic energy (energy carried
by bosons) but interact via gravity, then those particles are
DM particles [2–6].

Key factor for this conclusion is a new model of par-
ticles. According to this model, particles are built by the
circulation of the light speed vector. That allows introduc-
ing areas where V ≤ c so ds2 ≥ 0 and V > c so ds2 < 0.
For fermions and bosons, |V| at circulation is less than c -
speed of light in vacuum - thus those particles aremade by
ds2 ≥ 0 area and that makes them available for all interac-
tions. Value of the light speed at the circulation of the last
groups is bigger than c. That means that in such area it is
ds2 < 0 and for that reason bosons cannot send or receive
energy from this area. But, since all MCA particles have
mass and all are connected with the area where ds2 ≥ 0,
then all MCA’s particles can interact via gravity by bend-
ing the light speed field and respond to such. It should be
underlined here that STR does not forbid the existence of
a speed greater than c. But, this is only true when with
such a speed no propagation of energy is related [37]. This
is where the second MCA assumption comes into play. Ac-
cording to this assumption, energy can be exchanged only
in zero points. Thus, since the only connection between
those points is the line of the light speed field, then it can
be stated that energy is propagated by those lines. Thus,
since energy canbepropagatedonlywith the speedof light
no bigger that c, then zero points are connected only by the
light speed line in which speed of light is no bigger than c.
For that exact reason, two zero points do not exist at the
|Γ| > 4πRc circulation curve, because on that line V > c.
It can be seen directly at Figure 1. Moreover, by MCA’s sec-
ond assumption, it can be seen, that in MCA, basic objects
responsible for interaction are zero points. Bosons create
those –making them to appear at fermions circulation and
by doing that, connects those fermion circulations.

The reason for which MCA does not introduce a space
of states and a collection of the correlation functions can
now be seen. Those objects are typically used in field the-
ory [34]. MCA is not a field theory and because of that, it
does not introduce the mentioned tools. Let verify the rea-
son for which MCA cannot be treated as a field theory.

Physical field is a distribution of some physical quan-
tity in space (general – time-space) [29, 33]. To define the
existence of a field in some point, one have to put a probe
in such a point. Then, the field acts on this probe by ex-
changing energy with it. It should be noticed that in quan-
tum field theory (QFT), the mentioned definition of phys-
ical field holds. It only changed the tools that are used to
describe a field and interpretation of the way in which the
field is distributed. In classical field theory, those tools are
a continuous potential [33], while in QFT, the second quan-
tization method introduces quantities, like creation and
annihilation operators, with a discrete characteristic. Clas-
sical field is pictured as continuous distribution of some
quantity. In QFT, a field is presented as discrete collection
of quantity, like photons in the case of an electromagneti-
cal field [30, 33, 44]. But, for those two interpretations, to
define the existence of a field in some area, exchange of
energy with this field in this area has to occur. But, energy
can be exchanged only in areaswhere ds2 ≥ 0. Thus, since
in areas where ds2 < 0 energy cannot be exchanged and
that is necessary to define a field in this area, then it has to
be stated that a field in ds2 < 0 area, which creates a DM
particle cannot be defined. In other words, physical mean-
ing of a field concept is limited to an area in which energy
can be exchanged. This area, according to MCA, is an area
created only by fermions and bosons.

This situation is analogous to the situation with rela-
tivistic quantum theory. In this theory, a non-relativistic
wave function interpretation loses its physical meaning. It
is so, because indeed ameasurement process, which is de-
scribed by using this function in non-relativistic QM, has
some restriction if taking that c is the maximum speed of
energy propagation [44]. If it is taken, that MCA gives a
physicalmeaning to areaswhich exceed this c border, then
it has to be stated that it would not be done by using tools
or object that have a physical meaning limited to areas bel-
low that c border, just as it is for physical field. In this case,
the restriction is the fact thatmeasurement process cannot
be done in area ds2 < 0which by MCA’s mass model is de-
fined as dark matter particle.

In other words, the limitation of areas where inter-
action can take place, introduced by MCA’s assumptions,
leads to limitation in measurement making. This limita-
tion, in turn, leads to limitation in defining the field con-
cept to areas where ds2 ≥ 0. This area is only occupied by
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fermions and bosons. But, in MCA, areas of ds2 < 0 have
a physical meaning as DM particles, for which the same
main equation (25a) as for fermions and bosons is true.

Therefore, it can be finally stated that the reason for
which MCA does not use the field concept, and for which
it cannot be treated as a usual field theory, is the fact that
this idea gives a physical meaning to areas where this con-
cept loses its physical meaning – ds2 < 0 areas. This area,
according to MCA’s result is created by a DM particle. As
it will turn out in the next chapter, in this area there is an-
other “dark” quantity – DE.

4.2 MCA’s DE

MCA’s DM model has been identified as the last group of
MCA’s particles presented in Figure 1. It will be shown in
this section that MCA’s mass model describes also antipar-
ticles. Then, itwill be proven thatMCA’sDMantimatter has
a negativemass. Such a quantity, as a source of a repulsive
action, can explain the DM phenomena [16–18]. Let start
frompresenting howMCA’smassmodel describes antimat-
ter.

CPT theoremallows obtaining a description of antipar-
ticle by changing the sign of time T and parity P in equa-
tions that describes particles. In other words, if in equa-
tion that describes particle, transformation of time T and
parity P will be made, by CPT theorem these transforma-
tion leads to transformation of C, which changes particle
into antiparticle [28, 44, 45]. Thus, even if MCA does not
describe a charge of particle C yet, antimatter can still be
obtained by making a transformation of time T and parity
P. Let do that to MCA’s main result, it is obtained:

mparticle =
h
Γ
ct
|∆zi|

= h
−Γ

c(−t)
| − ∆zi|

= h
−Γ

c(−t)
|∆zi|

(30)

= mantiparticle

It is fully justified to use CPT theorem in MCA, because
both have the same source - Lorentz invariance [23, 44].
Since CPT changes only the sign of parity and time (also
charge which is not yet described in MCA) but does not
change the value of those, then it can be seen, from (30),
that for fermions and bosons, the value of mass of particle
is equal to the mass of the antiparticle. Thus, just as it is
for SM particles [23], in MCA for visible matter sector, CPT
is responsible for the fact that mass of antimatter is equal
to the mass of corresponding matter.

But, as was mentioned for visible particles, it is
∆zi = |∆zi|. So, in this case, any change of parity relates
only to Γ, which with change of time in k erase each other
which in turn leads to positive and equal value of mass of

both the particle and the corresponding antiparticle. It is
presented directly by (30. But for DM particle, ∆zi = |∆zi|
does not hold. Thus, by changing the sign of parity (P), one
change the sign of circulation alongside with the sign of
∆zi and by changing the sign of time (T), the following sit-
uation is obtained

mparticle =
h
Γ
ct
|∆zi|

≠ h−Γ
c(−t)
| − ∆zi|

= mantiparticle (31)

Thus, in this case, it is mparticle = −mantiparticle.
Thus, as it can be seen, by using CPT symmetry in the sec-
tor ofMCA’sDM, anegativemass is obtained. Thus, PT sym-
metry for sign of mass for the sector of MCA’s DM, acts in
the similarwayas for the signof charge in the visible sector.
More precisely, to hold PT symmetry for the sector ofMCA’s
DM in the sameway as it is for the visible sector, alongside
with a change of the sign of T and P, sign ofMhas to be also
changed. Only then positive mass is obtained, just as it is
for the visible sector. Thus, it can be stated, that for MCA’s
DM sector, analogical to CPT symmetry in visible sector is
the MPT symmetry, where M is the sign of mass. Changing
the sign of mass M in the context of PT symmetry has been
studied in [46].

Thus, as it can be seen, the sign of mass in the MCA’s
DM sector can have both signs – a positive or negative one.
Moreover, by using CPT theorem, this sign with the type of
matter was related. Namely, MCA’s DMhas a positivemass,
while MCA’s DM antimatter has a negative mass.

Such a quantity, since it is a source of a repulsive grav-
ity, can explain the DE phenomena [16–18]. Especially in
[17, 18] it is proved that negative mass in the DM sector, so
just as it is in MCA, can explain DE.

Some caution has to bemaintained in introducing neg-
ative mass as a physical quantity. Taking that negative
mass is available, then all positive particles, due to inter-
action, would fall into this negativemass sector [26]. More-
over, negative mass also would fall into lower and lower
energy state and by doing that it would radiate energy [45].
Such a situation is not observed in Nature. That was the
reason for the use of Pauli principle by Dirac in the first
antimatter interpretation and the use of a backward in
time movement by Feynman in his interpretation [26]. All
of that to avoid the negative mass. Even if the mentioned
models [16–18] introduce a negative mass in the way that
it does interact only via gravity and even if satisfaction
of dominant energy condition forbids positive matter to
fall into negative mass state [47], the mentioned caution
should be maintained in the picture of the further theory
of all interactions. If negativematter would have a place in
such a theory, then this theory also should have a rule that
forbids negative mass to fall into lower energy levels and
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radiate energy through that. It is so, because of the simple
fact - such a process is not observed.

This problem will be solved in Section 6.1. It will be
proven that for DM sector there exists a maximum energy
level. It will be done by the same way that the minimal
level can be obtained in the frame of QM’s HPML [26]. But
first, the fact, that for MCA’s DM sector, reverse HPML is
true, has to be proven.

5 Generalization of HPML
In this chapter, the link between MCA’s conformal founda-
tion and QM, which is the reinterpretation of HPML, will
be bring back. The goal of this chapter is generalization of
MCA’sHPML to the cases of all particles and curved space–
time. As a result of that, it will be obtained that HPML and
analogical uncertainty relation for energy and time (HPET)
are unifiedwith the existence of themaximum speed of en-
ergy propagation c. This unification is the generalization
of HPML (and HPET) to the cases of bosons and curved
space time, because rule that c is the maximum speed of
energy propagation is true for any particle and any phys-
ical system [29]. As it will be also proven, this unification
in turn leads to the result that for MCA’s DM sector, reverse
HPML and HPET area true. This result in turn, as it will be
presented, has a practical side. It will be used to obtain a
stability of a negative mass of MCA’s DM antiparticle.

Let start from explaining the choosing suchuncertain-
ties as (19) and (20). To locate a particle, one have to send
a signal to the location at which this particle is. Moreover,
this signal has to come back to the measuring apparatus.
Since, the localization process requires an exchange of
energy between the particle and a signal [32], then zero
points have to occur. But, according to our assumption,
the particle is located inside of the circulation area. For
fermions andbosons, zero points donot occur at the inside
part of circulation, where the particle is. According to Fig-
ure 1, for those kinds of particles, zero points are located
at the edge of this area. Thus, since particle is located in
this area, and zero points do not occur at this area, which
is necessary to locate this particle, it was assumed that un-
certainty of location is proportional to the size of this cir-
culation area. Thus, it was assumed that ∆x = R, where R
is a diameter of a circulation circle. As was mentioned, cir-
cles are universal in MCA, they are the same for different
inertial observers. This fact, togetherwith thenoticing that
zero points are located at the circulation circle plus the
fact that any product of uncertainties has to obey HPML,
have beenused to defineuncertainty ofmomentumas (20).

With such definitions as (19) and (20), HPML is a conse-
quence of the well-known geometrical fact that diameter
length of a circle is no less than the length of its chord

2R ≥ |∆z1,2| (32)

which is presented in the below figure. In other words,

   

               
               

                    
               

             
                  
                 

                 
                     

     
              

                  
              

                 
              

                  
                 

                  
               

                   
              

                 
               

               
                

      

                       
                      

         

Figure 2:MCA’s HPML as a consequence of the geometrical fact that
diameter length of a circle is no less than a length of a distance
between zero point, which is a chord of a circle. Zero points are
marked as black dots. Circle on which HPML in MCA is defined is the
circulation circle Γ

HPML for uncertainties defined as (19) and (20), is ob-
tained from (32).

But, presented HPML is true only for fermions. It is
so, because it depends on the fact that two zero points
are located at the single circulation circle. Such condi-
tions do not apply to bosons, because in this case, two
zero points are located at two circulation circles. Moreover,
sinceMCA’s HPML is purely geometrical and since the only
MCA’s quantity is the speed of light which can bend under
gravity, then gravitation effect on presented HPML should
be studied. It will be seen, that generalization of presented
HPML for the case where gravity is on, also generalizes it
to the case of bosons.

So, let now turn the gravity on. InMCA it will manifest
itself as a curvature of the light speed field. It is so because
the curvature of the light speed field means the curvature
of the light path. The curvature of the light path means
the curvature of the time – space. Everywhere where time-
space in curved there is a gravity interaction. All of this is
in the frame of the general theory of relativity [29, 37, 43].

Thus, in curved space-time, presented in Figure 2
HPML will not be accurate. It is so, because the line of the
circulation curve is bent when gravity is on. HPML based
on circle geometry (32) will not fit into this scenario be-
cause circulation curve Γ will have a different shape than a
circle. This transmission of a shape change, between real
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space R, in which gravity acts, and complex plane C, is
due to conformal nature of the stereographicalmapping. It
transforms Riemann sphere S, homeomorphic to the real
space R, into complex plane C in the way that preserves
angles. So, if change of a shape due to gravity in Riemann
sphere S occur, it leads to change of an angle between op-
tional two non-parallel straight lines tangents to a circle
and that in turn leads to the change of this angle in com-
plex planeCwhich finally leads to the change of a shape of
the circulation curve Γ [36–39]. It is presented in the figure
below:

              

               
                 

               
                

               
                
   

                   
                  

                
                   

    

                   
                  

               
                

             
                 

                   
                 

                  
        

                   
                   
                   

   

Figure 3:Without gravity (a) circulating circles 𝛾 at Riemann sphere
S, which correspond to 3-dimensional space of the physical obser-
vations, are circles at the complex plane C. When gravity is on (b),
it bends circulation curve on the Riemann sphere and this bend-
ing is transmitted at the complex plane. Thus, circulation curve at
complex plane Γ is not a circle anymore

Thus, as it can be seen, a generalization of HPML
for the case of curved space – time is needed. However,
this generalization should not be less general than MCA’s
HPML in the case of fermions. It means precisely, that this
generalization should be independent from changing the
reference point. In MCA, homographic function (2) is re-
sponsible for Lorentz transformation. Thus, this general-
ization should hold true for any (2) transformation. Let ap-
proach to find such a generalization.

According to (9) and (14), the circulation circle on
which HPML is defined is one of the lines of fieldφ [1]. It is
so, because the circulation circle is made by the holomor-
phic area. In holomorphic area function (9) exists andwith
that function, fields φ, ψ also do.

Therefore, the tools designed to describing a field can
be used. Some of those tools are gradient (grad or∇) and
the directional derivative ∂s. A common relationship of
those two is presented in the following figure [38, 39, 48]:

It should be noted, that by using grad and directional
derivative to the line of the φ field in shape of the circula-
tion circle, at which HPML from Figure 3 is defined, then

                  
               

            
            

              

                
                  

              
                

                 
    

                     
                

                     
                   

       

  

              
             

                  
           

                    
              

                   
               

        

   

Figure 4: Relationship between grad φ and directional derivative ∂s.
The angle between grad φ and line φ is 90 degree. Presented line
of field φ is part of a circulation curve Γ from Figure 3 (b)

the angle α at Figure 3 equals the angle α at Figure 4. It is
then

| cos α| = |∂s||∇φ| =
|∆z1,2|
2R (33)

From the above:

2R ≥ |∆z1,2| if and only if |∇φ| ≥ |∂s| (34)

Gradient (at Figure 4 presented as grad) and direc-
tional derivative are the general, geometrical objects. That
makes them independent from the conformal transforma-
tion (2) of a C plane. Relations between those, presented
by (33), are true for any shape of a line of field φ [39, 48].
Therefore, by using these objects, the generality condition
mentioned earlier has benn reched.

It can be seen now, that considerations about a special
line of the φ field in the shape of the circle, led to connect
those geometrical objects with the quantities related to the
MCA’s uncertainties. Itmanifests itself in (33). This trick, as
it soon turns out, is the key factor to generalize the HPML
in MCA from the case of flat time – space to the case of
curved time – space.

According to (9), (6) and (5), it is [1]

|∇φ| =

√︃(︂
∂φ
∂x

)︂2
+
(︂
∂φ
∂y

)︂2
(35)

=

√︃(︂
∂φ
∂x

)︂2
+
(︂
∂ψ
∂x

)︂2
= |V(z)|

Therefore, from (33) and (35) it can be stated, that direc-
tional derivative is the speed of light in (optional) direction
s:

|∂s| = |∇|| cos α| = |Vs(z)| (36)

By introducing (36) the condition for curved time – space
was fulfiled. This condition was, as already mentioned,
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that circulation curve can have a different shape then a
circle. For that reason, vector of the lights speed field can
change direction on circulation curve and this direction
can be optional. That is why (36) was introduced, which
manifests the lights speed value at this optional direction.
Therefore, it is known that if the gravity is present, one
is dealing with the situation where direction of the light
speed vector at circulation circle can be optional. The next
step is to investigate whether it is also true for the value
of the light speed vector at this circulation curve. So, the
question is - is there any restriction for |V(z)| on a circula-
tion curve?

In (33) and in Figure 2 there is a distance between two
connected zero points |∆z1,2|. This fact adds a condition,
that on this circulation circle zero points exists. Therefore,
one should study a restriction of the lights speed at the cir-
culation circle with connected zero points on it. This con-
nection is through the line of the circulation circle, made
by a field φ. If field φ exists between two zero point, then
thatmeans that those two zero points are connected by the
holomorphic area.Without it, zero point would not be con-
nected. Thus, if one want to learn about the restriction on
the light speed at the circulation curve with zero points on
it, then what are the restrictions on the line of the light
speed that connects two zero points has to be known. It
should be notice that specific locations of zero points or
a specific line of the light speed vector or direction which
those lines should have either was not assumed. It was
only assumed the existence of zero points themselves and
the existence of a holomorphic area which connects those
points. Therefore, this consideration should be indepen-
dent from direction of the line of the light speed and lo-
calization of zero points. For that reason, one study a lim-
itation on |V(z)|, not on |VS(z)|, because |V(z)| refers to
the most general case of connected zero points.

According to the MCA’s assumption, zero points are
responsible for energy exchange. Namely, only in those
points energy can be exchanged. In MCA, only connection
of those points is the line of the light speed field. So, if only
in zero points energy can be exchanged and only connec-
tion of those points is the line of the light speed, therefore
usinge the fact known from STR about maximum speed of
energy propagation [29, 37], it can be stated that speed of
light on the line which connects two zero points is limited
by the light speed in vacuum c. If it were different, then
time between the appearance of the first zero point and
the second zero point would be shorter then c/dwhere d is
the distance between those points. That would mean, that
energy is transmitted on the line of the light speed filed
(holomorphic area), that connects those two zero points,
faster than speed of light in vacuum, which is in contra-

diction to STR [29, 37]. For that reason, it has to be taken
that speed of light on the line that connects two zero points
is limited by the speed of light in vacuum – maximum
speed of energy propagation. In other words, zero points
are connected only by lines of the light speedfield atwhich
|V(z)| ≤ c.

To better picture this, let use thementioned case of the
flashlight and zero point A – creation of the photon, and
zero point B – annihilation of the photon. Let take that dis-
tance betweenA andB isd. If the above assumptionwould
benot true, then timebetweenappearingAandBwouldbe
less than c/d. That would mean that energy of the photon
is transmitted faster than speed of light in vacuum, which
is in condration to STR. For that reason, it has to be taken,
that on the line of the light speed field (holomorphic area)
which connects two zero points, speed of light is limited by
the speed of light in vacuum.

So, in a holomorphic area that connects two zero
points, the speed of light value cannot be bigger than the
speed of light in vacuum:

|V(z)| ≤ c (37)

From above consideration, it can be stated that (37) mani-
fests the rule from STR, that energy cannot be transmitted
faster than speed of light in vacuum. Just as this rule is in-
dependent from direction of the energy propagation, (37)
is independent from direction and a length of the line of
the lights speed that connect zero points. Taking (36) and
(37) into consideration, it is:

|Vs(z)| ≤ c (38)

Taking (34), (35), (36) and (38), it is:

2R ≥ |∆z1,2| if and only if c ≥ |Vs(z)| (39)

Now, using (19) and (20) finally get

∆x∆p ≥ h
4π if and only if c ≥ |Vs(z)| (40)

According to (40), HPML is true if and only if, the
speed of energy propagation is limited be the speed of light
in vacuum. Therefore, it can be finnaly stated that in MCA,
HPML is unified with the fact known from STR about the
maximum speed of energy propagation. It should be no-
ticed, that because of the general formalism that we used
in (33), this result is also true for the case of flat time –
space. It is so because the relation between gradient and
the directional derivative is independent of the shape of
the line of the light speed. So, even for the cases where
the curvature generated by the gravitational effects can be
omitted, this generalization of HPML is still true.
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Moreover, this proof is independent from location of
two connected zero points. By this characteristic , it can be
stated that it refers also to the case of bosons, where loca-
tion of two connected zero points is not limited to a single
circulation. Therefore, it can be finally stated that gener-
alization of HPML to the case of bosons and to the case
where gravity is on, leads to unification of HPML with the
existence of the maximum speed of energy propagation.

It is important to underline that this generalization
does not lead to a new version of HPML, just like it is for
GUP [40]. It leads to the state where HPML is nothingmore
than a manifestation of the existence of the maximum
speed of energy propagation, which (40) clearly states.
Thus, this result generalizes HPML to the case of bosons
and curved space – time, by unifying it with the existence
of the maximum speed of energy propagation. Since this
rule is true for both bosons and curved space time, and
since according to (40), MCA’s HPML is unified with this
rule, then it is also true in those cases.

As it will turns out in the next chapter, what seems
to be a brutal erasing of HPML as a unique physical rule,
touches also HPET – Heisenberg principle for energy and
time [26]. By doing that, it puts those two on the samephys-
ical ground, which does not exist in any current version of
HPET [49].

6 HPET in MCA
In QM, HPML is related to HPET [26, 49]. Having this in
mind, it is justified to verify how the result obtained in
the previous chapter transmits itself at HPET. As it will be
proven, both HPET and HPML are unified with the exis-
tence of the maximum speed of energy propagation. Let
start from defining the uncertainty of energy ∆E and un-
certainty of time ∆t.

According to current interpretations, quantities ∆E
and ∆t in HPET are not uncertainties like ∆p and ∆x in
HPML. ∆E and ∆t correspond to some value of energy and
time [49, 50]. However, taking that ∆x and ∆p in QM’s
HPML describe value of momentum and location which
cannot be simultaneously measured, then ∆ in HPML
means the same as ∆ in HPET - those also define a value
of some quantity. Thus, let take that ∆E and ∆t describe
some value of energy and time.

It is known, that mass is a form of energy. Let use this
energy - mass equivalence. It is more justified, if taking
that in [1] it was proven that from (25a),m0 = E/c2 can be
obtained. Thus, by comparingMCA’smassmodel with rest

mass from STR, it can be obtained, that:

E = hc
2

Γ (41)

Since it was assumed that ∆E corresponds to some value
of E, study from ∆E to ∆Γ can be transfered

∆E = hc
2

∆Γ (42)

According to MCA’s main result, presented in Figure 1, for
visible particles - fermions and bosons - it is:

|Γ| ≤ 4πRc (43)

Dealing with only positive values of Γ, one obtain

Γ ≤ 4πRc (44)

Now, using (27), it is:

∆t = ∆zc ∼
R
c (45)

Then, using (42) and (45) in (44), it is:

∆E∆t ≥ }
2 (46)

It can be seen that limited value of circulation for visible
particles - fermions and bosons - is responsible for HPET
in MCA. Let now identify what creates this limit.

Circulation is created by close integral of the light
speed vector at circulation curve.

Γ =
∮︁
V⃗ · d⃗ · l =

∮︁
Vxdx + Vydy (47)

There are two components which create circulation, hence
which affect its value and which can change indepen-
dently in time. It is the speed of the light speed vector at
the circulation curve and the shape of a circulation curve.
But separately, those two components equal zero if taking
integral of those at closed curve. Indeed, an integral of a
closed curve is [38, 39]: ∮︁

d⃗ · l = 0 (48)

And in the case of speed at the circulation curve, it is:∮︁
V⃗ d⃗r =

∫︁
∇ ×∇φd⃗f = 0 (49)

where the Stoke formula where, df is the directed area of a
complex plane has been used. Above is due to the fact that
[38, 39]

∇ ×∇φ = 0 (50)
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Thus, as it canbe seen, to verify the limit of circulation (44),
one cannot use circulation quantity directly. Thus, a differ-
ent approach have to be taken.

According to MCA’s assumption, (18) equation
presents the speed of light field. Through its construction,
it can be stated that there are two distinguished areas on
which this field exists. It is the circulation curve and out-
side part of the circulation curve. Value of the field at the
circulation curve relative to the value of the light speed
field at the outside part is what distinguish three groups
of circulations, presented in Figure 1. Value of the light
speed field at the outside part equals c. Therefore, it can
be stated, that what separates three MCA’s value of cir-
culation, is the speed of the light at the circulation curve
relative to c. There is one more quantity, for which value
depends directly on the value of the speed relative to c. It
is the relative distance (28).

Thus, to find the source of limitation of the circula-
tion (44), one can use considerations made in 4.1 chapter,
where the value of the relative distance with the value of
circulation was comined. Using (28) it can be stated that
the value of the light speed for circulation of bosons and
fermions is less that c, because ds2 ≥ 0 for those circula-
tions, according to (28) and (23). For |Γ| > 4πRc speed of
light at circulation curve is bigger than c, because in that
area ds2 < 0.

Thus, it can be stated that what separates |Γ| ≤ 4πRc
from |Γ| > 4πRc is the speed of light value at the circula-
tion curve. For inequality from which MCA’s HPET was ob-
tained (43), this value is less than c. For |Γ| > 4πRc this
value is bigger than c. Therefore, it can be stated that what
limits the circulation value in (43) is the speed of light in
vacuum c. Without this limitation there would be no in-
equality (43), from which MCA’s HPET was obtained.

According to this result, source of HPET is the exis-
tence of the maximum speed at the circulation curve c.
Since this result is the same as obtained in the previous
chapter, it can be finally stated that source for both HPET
and HPML is the existence of a maximum speed of energy
propagation, which can be schematically pictured as fol-
lows:

It should be noticed that in every part of this proof in
this chapter and previous one, it the case above c has not
been excluded. Moreover, from (40) it can be stated, that
one can reverse it and obtain:

|Vs(z)| > c if and only if ∆p∆x <
}
2 (51)

The same is for HPET. If instead (43), one use the
reversed version of it, which is |Γ| > 4πRc, one obtain
∆E∆t < }/2. Therefore, it can be stated that above c bor-
der, reverseHPET andHPMLare true. Since, aswas proved

                     
                    

                   

                   
                

                    
                  
                   

                 
                  

       

      

              
             
                   

                
                 

              
                 

                 
              

                
               

                
    

                   
                  

   

Figure 5: In MCA, HPET can be obtained from the existence of the
maximum speed of energy propagation |V| ≤ c, through MCA’s
main result. Because in order to obtain HPML from |V| ≤ c only the
MCA’s assumption has been used, then it can be stated that |V| ≤ c
is related with HPML more directly than |V| ≤ c with HPET

in the 4th chapter, the above c border area is the area cre-
ated by the circulation of the DM particle, it can be finally
stated that for MCA’s DM sector, reverse HPML and HPET
are true. As it will be seen in the next chapter, this state-
ment has a practical value. Namely, a stability of MCA’s
negative mass from it can be obtained.

6.1 Reverse HPML and MCA’s negative mass

In chapter 4.2, negative mass of MCA’s DM antimatter was
introduced. And along with it, some concerns regarding
this quantity. Namely, according to current quantum laws,
if negative mass state is available - if it exists - then all pos-
itive mass would fall into this negative state and radiate
an energy through that [26, 45]. Such a phenomenon is not
observed. But, there are two rules that forbid this to hap-
pen. First is the dominant energy condition [47]. Second,
in the frameofMCA, is the total circulation symmetry,men-
tioned in the 3rd chapter. This symmetry forbids to change
the sign of circulation, which is necessary to obtain a neg-
ative mass state by a positive mass particle.

Nevertheless, there is onemore issue,which those two
rules do not fix. Namely, if negativemass is available, then
negative mass particle due to interaction would fall into
lowest and lowest negative states and with that, radiate
an energy [47]. That would mean, that all negative mass
would change into radiation and because of that, it could
not explain DE phenomena [16–18]. Therefore, if MCA’s
negative mass may explain the DE phenomena, a rule that
provides a stability for this kind of matter has to be find.

To do this, let use the reverse version of HPML. The
goal is to obtain amaximum limit of an energy state for neg-
ative mass system. Clue, that such a limit can be obtained,
is the fact that minimal energy limit can be obtained from
“normal” HPML in QM [26]. Thus, let attempt to find such a
maximal limit.Considering a pair of a particles with equal,
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negative mass. Since negative mass in MCA exists only in
the frame of DM and those interact only via gravity, then
Hamiltonian of such a system takes the form:

H = −p
2

m − 2Gm2

x (52)

where p is a momentum of particles, m is mass of those,
x is a distance between those and G is the gravitational
constant. Since, as was mentioned, negative mass exists
only in the frame of MCA’s DM, uncertainties cannot be
related with observables, just as it is in QM. It is so, be-
cause physical meaning of observables is based on mea-
surement, which cannot be done for DM, because of its
invisible nature. For that reason, let uncertainties be in-
terpret just as it was in the 6th section - as some value of
quantity of momentum and location. Thus, ∆x ∼ x and
∆p ∼ p. With that, the reverse HPML can be used (51) di-
rectly in Hamiltonian (52). It is then:

H = −}2

4 (∆x)2 m
− 2Gm2

∆x (53)

To find themaximumvalue of the right side of this inequal-
ity, let compare a derivativewith respect to ∆x of it, to zero:

∂H
∂(∆x) =

}2

2 (∆x)3 m
+ 2Gm2

(∆x)2 = 0 (54)

From the above, it is::

∆x = −}2
4Gm3 (55)

By putting this into (53) inequality, it can be finally ob-
tained:

H < 4G2m5

}2 (56)

Taking that Hamiltonian H represents the energy of a
system, it can be seen, that by reverse HPML a boundary
level of energy for a pair of particles with negative and the
same value of mass was obtained. Such a pair moves in
the opposite direction, according to Newtonian mechan-
ics [16]. Thus, using an analogy between this system and
electric charge which radiates an energy by slowing down
[29, 44], it can be stated that a pair of negative masses can-
not radiate infinite energy, because of the existence of a
boundary level (56). Since, as was mentioned, MCA’s neg-
ativemass exists only in the frame of MCA’s DM, this radia-
tion refers to radiation of gravitational energy only. It was
assumed that in such process of radiation, conservation of
energy holds. For that reason, limitation of energy of such
a system (56), affects the fact that energy radiated by such
a system is also limited. Thus, systemof apair of a particles

with a negative mass can not fall into lowest and lowest
energy levels, because of (56). Since, according to (56), en-
ergy of such a system can not be radiated in infinity, then
it has to stay in the form of mass, according tom0 = E/c2.
That is how stability of a pair of negative masses was ob-
tained.

But, there is a problemwith this result. Namely, limita-
tion of an energy (56) is obtained for negative value of dis-
tance between particles (55). Such a negative value of dis-
tance is not physical and that is the problem. To fix this, let
use the MPT symmetry mentioned in 4.2 section. By treat-
ing this symmetry analogically like CPT symmetry, one can
state that with negative sign of mass in (52) Hamiltonian,
a negative value of parity (∆x ∼ x) has to be also puted in.
In other words, in order to fulfill the MPT symmetry, if one
change the sight ofm in (52), then the sight of ∆x ∼ x has
to also be changed. Then, (52) turns into:

H = −pm + 2Gm2

x (57)

Then, by making the same operations as in (53) and (54),
the positive value of distance was obtained:

∆x = }2

4Gm3 (58)

for which (56) is still true. Therefore, a limitation of energy
for a pair of negative mass particles, with positive value
of distance between them was obtained. That is how the
mentioned problem has been fixed

Such a result cannot be obtained, in the same way as
was did, for the other physical system with negative mass
- gravitational dipole. It is a system of two particles with
positive andnegativemass accelerating in a commondirec-
tion, the negative mass following the positive one [16, 17].
As it will be shown in the next chapter, the existence of
such a pair will be crucial in explaining some current ex-
perimental data on the DM phenomena.

7 Experimental verification
The previous chapter was the last one where theoretical
side of MCA was presented. It is time to present its ex-
perimental side. Namely, howMCA explains experimental
data on DM phenomena on both micro and cosmic scale
will be veryfied. Moreover, MCA’s prediction for further ex-
perimental verification will be presented. Starting point
for that will be pointing out the differences betweenMCA’s
DM and other DM particle models [3, 4]. This way, will be
preparing to face the changes, necessary to adapt inMCA’s
considering and further development.



118 | M. Chojnowski

It is important to notice that, already at this stage,
differences between MCA’s DM model and others popular
models, like WIMP, can be seen. Probably the most impor-
tant difference is that according to MCA’s, DM interacts
only via gravity, while WIMPS interact also by other inter-
actions [4, 5]. Other, no less important, difference is that
according to popular DM models, those particles can be
created by collision of two fermions. For that reason, there
are searches for DM signal at LHC, where a pair of protons
collide [2, 4, 51]. But, according to MCA’s DM model, prob-
ability of DM particle creation gets bigger with the initial
number of fermions taking part in a single collision act.
This difference will be presented and discussed in the first
way. The last difference that will be discussed here is the
fact that MCA’s DM antimatter has a negative mass. WIMP
orAXIONmodels doesnot introducenegativemass [4, 5, 9].
Let start from presenting MCA’s prediction on DM creation
and through that, direct detection of it [2–4].

It is known that particles can be created in the colli-
sions of the other particles. Those processes are ruled by
conservatory principles. In MCA, such a principle also ex-
ists - total circulation symmetry, first introduced in section
3. According to this rule, total circulation of a system is
constant in time. Total circulation of a system equals the
sum of all circulation that are contained in the total circu-
lation [2]. Since in MCA, circulation creates particles, this
rule can be used in MCA’s particles creation process.

By doing that, it was proved, that probability of DM
particle creation is proportional to the number of fermions
taking part in a single collision act [2]. In other words -
probability of MCA’s DM particle creation in collisions of
three fermions is bigger than in collisions of two fermions.

To prove this result in a concise way, let notice that
MCA’s visible particles (fermions and bosons) are grouped
like particles in SM - by the value of the spin [22, 23].
Fermions, particles with the lowest value of spin in SM,
in MCA are particles with the lowest value of the circula-
tion. Then, there are bosons, with spin value bigger than
fermions, just as it is for MCA’s circulation. Both spin and
circulation can be used to describe a value of the total spin
or total circulation of a system of particles. Both those to-
tal quantities are conserved. Thus, it can be seen see that
there is an analogy between MCA’s total circulation and
SM’s total spin. But, inMCA there is onemore group of par-
ticles. Using the analogy between the total spin and total
circulation of a system to this group, it can be stated that
just in a way by which a single boson falls apart into two
fermions, thus a single DM particle, since it has a bigger
value of circulation than boson, falls apart into more than
two fermions. If it would be different, then the total circula-
tion conservatory rule – analogical to conservatory of the

total spin rule – would be violated. It is so, because a sys-
tem with two fermions could have a smaller total circula-
tion value than a system of a single DM particle. This total
circulation conservatory rule allows the opposite process
to also be possible – the creation of DM by collision of the
proper number of fermions. Thus, assuming that DM par-
ticles fall apart into three fermions, then according to the
circulation conservatory rule, this proper number is three
and that number of fermions is necessary to obtain a DM
particle in a single collision act. In [2] fully prove of this
statement is presented.

The result, that DM creation probability gets bigger
with the number of fermions taking part in a single colli-
sion act has been used so far to explain the lack of DM sig-
nals at LHC [2]. But, such collisions can take place also on
a cosmic scale [23, 52]. Thus, it is proper to use this result in
the context of the current astrophysics experimental data.

Namely, taking that probability of more than two
fermions participating in a single collision act is bigger in
areas where visible matter density is bigger, than it can be
stated that DM density in some area is proportional to the
visible matter density in such area. Behind this result is an
assumption that DM does not leave the near area in which
it is created at a fast pace. Since, MCA’s DM only interacts
via gravity - the weakest force of them all [23, 52] - then
it can be stated that this assumption is quite reasonable.
However, at this stage of MCA’s development one cannot
give any precise values to make this result accurate. It is
not even known how many fermions in a single collision
act are necessary to create DM. The fact that by collision
of two fermions, no signal of DM has been found [2–4],
suggest that at least three fermions are necessary. In other
words - MCA only tells that probability of DM creation in
fermions collision gets bigger with the initial number of
fermions taking part in a single collision act. But, it does
not tell howmany fermions are required tomakeDM.More-
over, other conservatory rules that couldbe true forDMsec-
tor havenot been taken into consideration. For example, in
[53] it is studied that DM carries some electric charge. As-
suming, that in the further study on DM creation, conser-
vation of this quantity has to be also taken into considera-
tion. Another quantity, crucial to reach preciseness, which
is not defined exactly inMCA, is the value ofmass ofMCA’s
DMparticle. It can only be estimated as lighter than that of
fermions. It is so, because if one take that for free particle
k = 1, as is proved in [1], it can be sees that since DM parti-
cle has the biggest value of circulation, then according to
(25a), those particles have the lowest rest mass.

It should be noticed that our proof of this result de-
pends on circulation symmetry in a single collision pro-
cess. Thus, even if in collision of a pair of nuclei,more than
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two fermions take part, DM creation is still less probable,
then in collision of three fermions in a single collision act.
It is so, because when two nuclei collide, then number of a
collision of a pair nuclei is far more greater than fermions
taking part in a collision of a nuclei (participants) [54]. Tak-
ing all what was discussed on DM creation probability, the
schematic verification of this result can be pictured as fol-
lows:

                
             

                        
                

                   
         

                  
               

                
            

           
                 

                
                 

                
                  

                   
  

                 
             

                 
                 

                 
       

              
                   

             
                 

              
                
                 

                  
              

Figure 6:MCA’s model of DM particle creation. At part a) pair of
electrons e- and pair of protons p+ accelerated by two linear ac-
celerators perpendicular to each other, collide at marked central
point. Such a collision generates DM particle and visible particle F
to obtain energy – momentum equivalence, which is presented at b)
part. Such a DM creation would be noticed by missing transferred
energy and momentum [55]

As it can be seen, two linear particle accelerators was
used. It is so, because as was mentioned, DM free parti-
cle mass has been estimated as smaller than free fermion
particle mass, thus energy enough to create DM particle
should be smaller than to create a free fermion. Thus,
searching for DM creation should be started fromusing lin-
ear particle accelerators, as accelerators which generate
relatively small value of energy collisions relative to other
accelerators i.e. synchrotrons [52].

Going back to the astronomical scale. The fact is that
at this stage assign a precise value to DM mass cannot be
done. Since, knowing the value of mass is crucial to make
anyprecise astronomical prediction, it has tobe stated that
presented result on DM density is not precise. But more
light can be shed by experimental data on DM density in
the Solar System [56–58]. Since according to those results,
DM density in the Solar System is low, then taking result
on DM density, one can state that DM density should be
bigger in the areas where visible matter density is bigger
that it is in the Solar System.

In the frame of matter density on a cosmic scale, there
is an unsolved problem. The core - cusp controversy or the
core - cusp problem reflects the persistent difference be-
tween simulations and observations on the mass distribu-
tion in the galaxies [59]. It includes also DM. In [16], it was

proved that a negative mass can solve this problem. Such
kind of mass was introduced in 4.2 Section. This is the first
issue which can be explained by negative DM mass from
MCA’s model. The second one is related with the annihila-
tion process.

As was proved, negative mass in MCA exists only in
MCA’s DM antimatter sector. Since, DM particle has a posi-
tive mass, then it can be stated that a pair of a free DM par-
ticle and a corresponding antiparticle, since they have the
same absolute value ofmass, creates a gravitational dipole
[16, 17]. It is a pair of two particles, one with positive mass,
one with a negative mass, accelerating in a common direc-
tion, the negative mass following the positive one. Thus,
because as was mentioned, MCA’s DM is only available for
gravitational forces, then it can be stated that such a pair
does not collide. It is so, because since they are accelerat-
ing in the common direction, they do not move towards
each other,which is crucial to collide. Taking that collision
of a particle and a corresponding antiparticle is necessary
for an annihilation process, then it can be finally stated,
that MCA’s free pair of particle and corresponding antipar-
ticle does not anihilate. That could explain the lack of con-
firmedDMannihilation sightings [19–21]. But, this result is
only true for a free pair of DM particle and DM antiparticle
that interact only witch each other. Therefore, onemore re-
sult from thismodel canbe obtained–DMannihilation sig-
nals should be looked for in areas where the gravitational
field acts it the way that gravitational dipole could col-
lide. In other words – such signals should be found in ar-
eas where external gravitational forces can overcome inert
gravitational repulsive force between gravitational dipole.
These external gravitational forces should act in the way
which allows for DM particles, that create a gravitational
dipole, to collide into each other.

Nevertheless, once again, at this stage one cannot put
any numbers behind those results to make themmore pre-
cise. To fix this in some way, based only on CPT symmetry,
and on a possible number of positive and negative signs of
time and parity in (25a) for the case of DM, it can be stated
that DMparticles should be in the samenumber as antipar-
ticles. But the following result is in contradiction with this
statement.

There are several physical models which introduce
a negative mass [16–18]. This concept is not new, but it
seems that it is experiencing its renaissance due to recent
studies on DM and DE. Indeed, according to models pre-
sented in [16, 17], negative mass can explain both astro-
nomical phenomena attributed to DE and DM. However, if
a negative mass can explain DE, then MCA’s DM antiparti-
cles have tobe farmorenumerous thanMCA’sDMparticles.
It is so, because since MCA’s DM antiparticle is a source of
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DE, because of its negative mass, then since DE is far more
prevalent in the Universe than DM [15, 16], then MCA’s DM
antiparticles have to bemore prevalent thanMCA’sDMpar-
ticles. Thus, as it can be seen, this fact is in contradiction
to the statement made above. But, as it is known, such an
asymmetry between the number of particles and antipar-
ticles in the Universe exists also in the visible sector [23].
Moreover, there aremodelswhich explainmatter - antimat-
ter asymmetry both for visible and invisible sectors as re-
lated in [60].

That is all in the frame of presentingMCA’s experimen-
tal side. As it can be seen, even at this early stage, MCA
gives someexplanation onDMandDEphenomenaand fur-
ther predictions. But, as was proved, there is a lack of pre-
cision in these predictions. Fixing this, is only one part of
MCA’s further development. Reason, direction, and tools
for this further development is presented in the next chap-
ter.

8 Results and discussion
MCA has been presented. It was started from the motiva-
tional question for which MCA has been created. As an an-
swer to that question, a newmodel of particle mass has ar-
rived (25a). This model contains a DM sector. Within this
sector, there are particles with negative mass, which in
turn can explain a DE phenomenon. Key factor to obtain-
ing all of that, was the reinterpretation of HPML. General-
ization of this reinterpretation led to a new, profound re-
sult. According to this result, HPML and HPET are unified
with the existence of the maximum speed of energy prop-
agation, introduced in STR. Moreover, by this reinterpreta-
tion it was proved, that for DM sector, reverse HPML and
HPET are true. This result was used to obtain a stabiliza-
tion rule for negative particles. Ending was by presenting
MCA status by showing the possible experimental verifica-
tion of this idea. With that, it was proved, that MCA can
explain experimental data on DM phenomena on both mi-
cro and cosmic scale.

Now, it is time to discuss all of that. By doing that a di-
rection for further MCA development and suggested tools
for doing that will be pointed out. More importantly – it
will be seen, that such a development can be fruitful.

Let start from MCA’s motivation. The reason behind it
was the fact that m in Hamiltonian QM is the same as m
in Hamiltonian classical mechanics (CM). Assuming that
a fundamental theory, which QM is in its current under-
standing, should explain the nature of the fundamental
quantities, it canbe stated that the fact thatQMdoesnot ex-

plain whatm is, is quite disturbing. Moreover, the samem
occurs also in relativistic version of QM - in Dirac equation
[26, 30]. Thus, as it can be seen, neither in QMnor relativis-
tic QM, can one finds an answer to the question - whatm is.
Is it emergent, or is it composed bymore elementary quan-
tities? It should be mentioned here that this question does
not refer to the reductionism issue, where mass of atoms
or particles is explained as built by more elementary par-
ticles, so also as a mass [42]. For example, mass of atoms
is made by mass of nuclei and mass of proton is made by
quarks. But, in this scheme, what m of this elementary
parts (protons, electron, quarks) is is still unknown. Thus,
MCA’smotivational question cannot be answered by the re-
ductionism tool. It is important to notice that this question
refers to the quantum particle mass. Thus, answer to that
question has been looked for in pure QM rule. Such a rule
is a Heisenberg principle. It is truly a QM rule, because it
does not have its analogy in CM and it is related to parti-
cle mass. For that reasons, the answer that the mentioned
question has been looking for is in the reinterpretation of
this principle.

One can state that uncertainties which were used (19),
(20) and geometrical rule from which HPML was obtained
got nothing to do with established HPML. In fact, that is
the case. But, in current interpretation, HPML is treated as
intrinsic characteristic of a measurement process [27, 31].
Thus, it is a property of Nature itself. Thus, it is not QM’s
description of Nature only. For that reason, it is justified
to describe HPML in a different way than it is in QM only
if in this different way HPML holds true. To better picture
this let use an analogy with gravity. It is a property of na-
ture that positive mass attracts another positive mass. But,
Newton theory describes it in the frame of forces and GR in
the frame of the curvature of the space - time [29]. Analog-
ical situation is with MCA’s HPML. It describes HPML, so
how nature acts, only in a different way than QM does.

This reinterpretation led to a new image of quantum
particle mass. According to this model, quantum particle
mass is built by the circulation flow of the light speed vec-
tor. To fully understand this main MCA’s result, lest us put
it into the bigger context.

There is a rule which describes how nature work on
both micro and macro scale. Moreover, this rule is true for
both non-relativistic and relativistic physics. It is the least
action principle [28, 29, 33, 61]. Universality of this rule
is so big, that even physicists questions it [45]. Neverthe-
less, all results obtained from this rule have been experi-
mentally verified. That relates also to the SM. In the face
of that, a question arises - how come is this rule so gen-
eral? How come that no matter what quantity is puted in
in this rule, it gives the correct result? It seems that it is
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just the way by which Nature works. To find an answer
let go back in time. Least action rule belongs to a class of
a variational rules. First of those rules was Fermat princi-
ple, which describes only light [61–64]. Analogical to this
rule is a Maupertuis rule, which describes general physi-
cal systems which includem. This rule is a special case of
a most general Hamilton principle. But, the form of Mau-
pertuis and Hamilton rule is the same as Fermat principle
[61]. Thus, in the frame of least action rules, physical quan-
tities in Lagrangian act the same way as light speed in Fer-
mat principle. If nowusing themainMCA’s result, it can be
stated that Langrangian,which containsm, undergoes the
same rule as light – least actionFermatprinciple–because
Langrangian is built by the light. It can be seen that main
MCA’s outcome was expanded to the case of fields and
generators of these fields like an electric charge. Namely,
this conclusion was not refer only to the case of a Lan-
grangian of a free particle. It was refer it to all kind of Lan-
grangians. That was what meant by bigger context. This
expansion is justified, because MCA’s mass model also de-
scribes bosons. Those particles in SM are strictly related to
fields asmanifestation of those [22, 23]. Thus, since accord-
ing to MCA, bosons are made by the speed of light, then
fields that are related with those bosons are too.

To better picture this, let use the fact that mass is a
form of energy according to STR. But, according to MCA,
mass is a modulation of a speed light field – the change of
its value or shape in some area. Since, those two models
are complementary, because one can obtain one from an-
other [1], mass can be baypassed and it can be stated that
energy is a form of light speed field. Therefore, energy in
Lagrangian of a Hamilton rule acts the same as light speed
at Fermat principle because energy is a form of the light
speed. Thus, the mentioned questions can be finnaly an-
swered. Least action principle is so general, i.e. it refers to
all physical quantities, because all of those quantities are
built by the speed of light. Since light acts in the way as
Fermat principle describes, then all those quantities also
act in the same way – as analogical Hamilton principle de-
scribes.

But, it can go even further with that. To do that, let
introduce the following part from Lee Smolin’s work [65]:

“In many prior revolutionary transitions there was a key first
step where some well studied phenomena, which are already
understood in the then current theoretical framework, were rein-
terpreted in terms of new concepts and principles. This often
leads to surprising new insights, by giving us a Rosetta stone
for translating between the old and new theoretical languages.
That is, at first the correspondence is a mere reinterpretation of
phenomena, already explained by the old theory, in a surprising
new language. Associated with this dual description is a new pa-

rameter, which controls novel phenomena. The correspondence
establishes at order zero in the new parameter a translation be-
tween the languages of the new and old theory. But as soon as
this is established we notice that the correspondence holds in a
limited domain. There is then a space to move beyond the zone
of correspondence to novel phenomena whose scale is set by
the new parameter. By doing so we adventure into a new regime
of phenomena, but one with clear connections to established
knowledge”

In this case, the correspondence is the equality of the
Hamilton rulewith theFermat principle,madeby themain
MCA’s result (25a). First, this rule describes an evolution of
the physical systems with energy in it in the form of parti-
cles or fields. Second, it describes an evolution of the light
speed. But, evolution of the speed in the first case has its
limitation. Namely, no particle or field that carry an energy,
can have speed bigger than c - speed of light in vacuum.
It means that energy cannot be propagated faster than c.
But, speed bigger than speed of light is not forbidden as
long as it is not related with any kind of energy propaga-
tion [37]. In MCA, such a situation is deeling with. In fact,
speed of lightwith a value bigger than c creates theDMpar-
ticle. Thus, in MCA, there is no limitation of the speed of
light. But, zero points assumption is responsible for hold-
ing limitation for energy propagation. Indeed, for fermions
and bosons, zero points are connected by the line of the
light speed at which |V| ≤ c. That makes them available
for exchange of a bosonic interaction with each other. If
we c is exceed, one enter a world no boson can reach, be-
cause no energy can reach it either. It is so, because it is an
area where ds2 < 0.

Taking this into consideration together with above ci-
tation, it can be seen that limited domain at which corre-
spondence betweenHamilton principle and Fermat princi-
ple holds is the V ≤ c, so ds2 ≥ 0 area. “Space to move be-
yond the zone of correspondence” is the ds2 < 0 area and
the “novel phenomena” in it is the DM, DE reverse HPML
and HPET. This conclusion can be pictured in the follow-
ing figure.

As it can be seen, the existence of themaximum speed
of energy propagation is crucial in MCA. It separates visi-
ble word of bosonic interaction from invisible world of DE
and DM. c plays a crucial role not only in MCA. Applying
the meaning of the existence of the maximum speed of en-
ergy propagation into QM led to the discovery of antimat-
ter [44]. Moreover, the existence of this maximum speed of
energy propagation was the reason for creation of GR [29].
Success of those theorems, based on experimental verifi-
cation, not only proves the validity of those theorems, but
also proves that c has a fundamental and crucial role in
physics.
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Figure 7:MCA’s results pictured on the space-time diagram. MCA
gives the physical meaning to areas where ds2 < 0. Such areas
create DM and DE. In such areas, so also for DM and DE, reverse
HPML and HPET are true. Boundary between those areas and a
visible word ds2 ≥ 0, of fermions F, bosons B, HPML and HPET is the
speed of light in vacuum c

In the frame of GR, in our previous consideration, was
mentioned that MCA’s DM particles are free from bosonic
interactions. By bosonic interaction,was understood inter-
actions described in SM. So, bosonic interaction does not
refer to gravity. For this kind of interaction, all MCA’s par-
ticles are available. In other words, all MCA’s particle in-
teracts via gravity. It is possible by the fact that all MCA’s
particles are immersed in area inwhich |V| = c, so ds2 ≥ 0.
This immersion is due to the fact that one of the conditions
of obtaining (18) was the condition that outside circula-
tion, field of light speed is represented by constant value
c. This immersion is responsible for the fact that all circu-
lations, so all MCA’s particles, are continuously connected
with that outside part of field where |V| = c, so ds2 ≥ 0.
This connection in turn allows generating a curvature of
the outside light speed field by the circulation, just as Fig-
ure 1 shows, and responding to such a curvature of the out-
side field by circulation. Since curvature of the light speed
field is the curvature of the light speedpathwhich is aman-
ifestation of the gravity interaction, it can be seen, that all
MCA’s particles interact via gravity because all of those can
generate such curvature and respond to it.

It should be noted that the proof that all MCA’s par-
ticles interact via gravity refers only to the GR. Moreover,
the fact that two groups of MCA’s particles interacts via
bosonic and gravity interactions, while one group inter-
acts only via gravity, gives us a good picture of differences
and similarities between gravity and bosonic interactions.
Such a picture could become a start for a new way to con-
nect gravity and bosonic interactions.

To see this picture let notice that from fulfilling the
condition that holomorphic area has to be also a confor-
mal, location of zero points has to be inside the circula-
tion area or at the edge of it. For the case of fermions and
bosons, zero point are located at the circulation curve. For
the case of DM, one zero point is located at the circula-
tion curve and one inside of it. Having this in mind, let
assume the following situation. Let a photon move from
point A to B through circulation curves of fermion, in the
first case, and DM particle in the second case. Let there be
no gravitation at point A, so time space is flat. Thus, field
of the light speed is represented by the straight lines. Let
the gravity be on at point B. That means the curvature of
the time - space, which in turn leads to curvature of the
light speed path, which in turn leads to curvature of the
light speed field. In the first case, when photon reaches
the first zero point at the circulation of fermion, its en-
ergy is changing. It is so, because circulation curve of a
fermion has a different direction than line of the outside
light speed field that connects point A with first zero point
at the fermion circulation. Thus, photon in the first zero
point at the fermion circulation is changing its direction.
Change of photon direction means change of its momen-
tum and change of momentum means change in the en-
ergy of a photon [24, 26, 27]. The same case is for the sec-
ond zero point at the fermion circulation. Thus, as it can
be seen, change in photon energy at the zero points of the
fermion circulation is due to change of direction of photon
path. But, such a situation does not occur in the second
case. The photon travels at the same path on a DM circu-
lation as it was before reaching it, just as Figure 1 shows.
It is also presented at [2]. Thus, there is no change of di-
rection so in turn there is no exchange of energy. Neverthe-
less, even in this case, energy of a phonon at point B will
not be the same as it was at point A. It is so, because was
assumed that at point A there is no gravity, and at point B
gravity is on. Thus, difference in an energy between point
A and point B is due to gravitational redshift [29].

Since fermions are taking part in a bosonic interac-
tion and DM only in gravity, what separates those inter-
actions in the MCA’s model can be finnaly seen. Bosonic
interactions are due to change of the direction of the pho-
ton at zero points. This change of direction occurs only
for fermions and bosons, because only for those particles,
zero points are located in the way that allows doing that.
Since this change of direction does not occur at the DM
circulation, then those particles are free from bosonic in-
teractions. But, those particles generate a curvature of the
light speed field and can respond to such.Manifestation of
such interaction is due to gravitational redshift of a pho-
ton. For that reason, photon energy at point A where there
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is no gravity will be different than at point B where gravity
generates the curvature of the light speed field. It can be
pictured in the following figure:

                     
                         

                    
                    

     

                 
            

                  
                

               
              

             
                  
                 
                 
                     

              
               
                  

                
               

              
              
                  

                  
                 
              

            
                     

Figure 8: a), when photon reaches the first zero point (black dots),
it enters a fermion circulation curve. Through that, it changes its
direction dk1. Thus, at point B, energy of a photon EB will be equal
to the sum of all changes its energy from point A, so its changes
of direction and gravitational redshift dg. b) when a photon meets
DM circulation, there is no change of direction. Thus, difference
between energy at point A and point B will be only through the
gravitational redshift EB = dEA = dg

As it can be seen, in MCA, crucial role in interac-
tion description is played by the zero points. Bosons only
carry those, make them appear at the circulation curves of
fermions.

All of that what was presented so far in this chapter
is enough to give a direction for further MCA development
and tools to do it. Since in MCA, visible world is separated
from invisible, one should consider this development from
both these perspectives. In the visible world |V| ≤ c, so
ds2 ≥ 0, further MCA developments should be directed at
finding a connection between Fermat principle and par-
ticle physics, including QM, relativistic QM and SM lan-
grangian. Namely, just like on this stage mass of particle
has a new image, thus other quantities should also get one.
That refers to quantities like electric charge or fields. In this
new image, those quantities will be built by speed of light
field, just likemass of particles is. Through this, all bosonic
interactionwill have its image inMCA. It seems, that in this
part, (14) will play a crucial role as a source of the speed of
light field. Alongside with that, geometrical properties of
MCA should be studied. Purpose of that is obtaining an im-
age of curvature made by gravity in MCA description. Pic-
ture of such impact of curvature made by gravity can bee
see in Figure 3. From considering this, a new useful toll
emerges – The Gauss – Bonnet theorem [38]. It seems al-
most natural, that is a proper tool, by which gravitonial
part, in zero point’s exchanged energy, can be found. It is

so, because this theorem connects geometrical relations in
the sense of curvature, which is source of gravity in GR.

Another purpose of studying geometric MCA’s proper-
ties will be matching an interaction in SM to specific line
of the speed field, which in turn generates the change of
a photon direction, which is a manifestation of SM inter-
action in MCA. After all of that, the key to connect all in-
teraction will be using zero points, as points where any
kind of energy is exchanged. Crucial in this will be know-
ing which part of the exchanged energy comes from the
change of photon direction - bosonic interaction - and
what part comes from gravitational redshift - gravity inter-
actions.

But, this plan can work only in the visible sector - in
ds2 ≥ 0 area. It is so, because in invisible sector, in ds2 < 0
area, quantities that carry an energy like bosons and fields,
cannot be defined. It is so, because to define such a phys-
ical quantity in some area, one have to measure it in this
area. Since a measurement process is an exchange of en-
ergy between observer and studied system,which can take
place only in ds2 ≥ 0, it can be seen that in ds2 < 0 one
cannot measure those objects and therefore cannot define
them. This limitation is due to existence of a limitation of
energy propagation c. But, inMCA, this limitationdoes not
hold for the lines of the light speed, atwhich zero points do
not occur. For that exact reason, MCA was able to provide
a DM particle candidate as presented in Figure 1. Thus, ba-
sic objectwhich shouldbeused in invisibleworld - ds2 < 0
area - is the speed of light field. In the first scenario, in vis-
ible world ds2 ≥ 0, the plan was to connect this field with
known quantities of visible area. But, as was mentioned,
such a planwill not work in the invisible area. Thus, a new
method to use this quantity and connect it with the known
physical quantity has to be found. To do that let remem-
ber that zero points are points inwhich function (4) equals
zero. Thus, to find suchpoints onehas to solve analgebraic
equation V(z) = 0. Moreover, from (27) it can be seen, that
time has its new image in MCA. In this new image, time in
invisible area ds2 < 0 has a complex value. All of this sug-
gests that proper tool to further development of MCA in in-
visible sector should be the Laplace transform. This tool al-
lows changing the function of a real variable, like time, to
function of a complex variable. By that, solving of differen-
tial equations of real variable like Schrodinger equation or
Lagrange equations, turns into solving an algebraic equa-
tion with complex variable [36, 38]. By this toll, finding a
(4) function for both visible and invisible sector andmatch
it to the physical systems will be albe. Then, using Fermat
principle, one will be able to find an evolution of this sys-
tems. Let summarize the suggested MCA’s development:
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• Direction for further MCA development should be a
connection of all interactions. It is so, because MCA
gives a new image to similarities and differences be-
tween bosonic interactions and gravity.

• The basic and only quantity in MCA is the field of
the light speed. Thus, in further MCA development
there is no place for other, yet undetected particles
like gravitons [23]. InMCA, all fermions, bosons, DM
and DE are made by field of the light speed.

• Because of that, all already used quantities like
fields or electric charge, should find their image in
MCA’s description. Alongside with that, geometrical
characteristics of MCA should be studied. By that,
one will be able to find what kind of energy is ex-
changed in specific zero points.

• Laplace Transformation should beuseful in transfor-
mation and then using of known physical quantities
and laws in MCA’s world. Having this, with knowing
the geometrical effect on zero points, a new way of
connecting all interactions should be open.

The above points present how to further develop MCA
and where it should be directed. Reason for such develop-
ment is based on the fact that MCA provides explanation
to some experimental data and makes new predictions. It
seems quite extraordinary that even at this early stage, this
idea can do that.

Most likely,most unique experimentalMCA’s outcome
is a proof that probability of DM particle creation in a
single collision act gets bigger with the initial number of
fermions taking part in that collision. In construction of
this was assumed that DM electric charge is equal zero.
But, if DM particle does not have a zero electric charge,
then conservation of this quantity has to be considered in
the mentioned experimental test. The perspective of DM
with electric charge has been studied e.g. in [53].

The result that the probability of DM particle creation
gets bigger with the initial number of particles taking part
in a collision act, has been used already in [2] to explain
lack ofDMsignals at LHC,where twoprotons collide [4, 55].
But, this result also can be verified on a cosmic scale, as
was presented in the 7th chapter. Namely, according to this
result, DM density is bigger in areas where visible matter
density is bigger. Thus, as it can be seen, the result on DM
creation probability can be verified on both micro and cos-
mic scale.

In the frame of the cosmic scale, there is one more
MCA’s unique result. According to this result, MCA’s DM
antiparticle has a negative mass. This kind of quantity,
as a source of a repulsive force, can explain the phenom-
ena attributed to DE. Moreover, since negative mass in

MCA exists as a DM’s antimatter, it can explain the lack
of confirmed DM annihilation signals in the way as was
presented in the 7th chapter. It the same chapter, it was
presented that MCA’s negative mass can explain the core
– cups problem.

Nevertheless, all the presented MCA’s experimental
predictions need to reach precision. To do that, values like
mass of DM, its number of particles relative to antiparticles
has to be accurately known to reach the mentioned preci-
sion. The fact that those values are not known enough at
this stage of MCA’s development is a proof that not only
a theoretical side of this idea needs supplementation, but
also the experimental one. But, there is a good side to that.
Namely, assuming that a theory should be calibrated to-
ward experimental data, never opposite, it can be stated
that further experimental MCA verification could create
building blocks for creating a complete theory from them.
There was already such a calibration of MCA’s outcomes
toward experimental data. Namely, using [66], condition
was made that k in (25a) has to have a real value. The way
by which m0 = E/c2 was obtained from (25a) in [1] con-
firms that.

It is a quite beautiful perspective when experiments
on both micro and cosmic scale complement and support
each other, and by that, point out the proper theoretical
MCA’s development.

Thus, at this stage already, MCA development can be
on a theoretical and experimental way.

Moreover, there is a perspective for a practical use of
MCA’s outcomes. That is the “disappearing” of unwanted
matter in visibleworld, by changing it into DM through col-
lision of fermions [55]. By this, it will be able to literally re-
shape the world around us. Having this in mind, together
with the fact that other DM candidates do not provide any
significance explanations and predictions such MCA [3–
5, 8–12, 20–22, 51, 55], conclusion is reached that MCA de-
velopment is at least worth considering. In other words,
by ruling out the consideration for MCA’s further develop-
ment, not only is the fact denied that this idea explains the
most DMphenomena, which othermodels do not, but also
the fact that this idea has a practical perspective in which
all of DM and DE characteristics are in practical use.

Let us summarize the current MCA’s experimental sta-
tus and perspective

• MCA provides a testable model of DE and DM.
• Testing of MCA’s prediction on those phenomena
can be done on a micro scale and on the cosmic
scale.

• The core - cusp problem can be explained by MCA’s
DE model.
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• MCA’s DM model explains the current experimental
data on DM creation and DM annihilation signals.

• MCA’s prediction needs supplementation. This of-
fers an opportunity for development of experimen-
tal MCA’s side which can backup the theoretical de-
velopment.

So, reasons for MCA’s development, direction and
tools to do it have been presented. Now, it is time to face
the changes which have to be made in this development.

One can tell that MCA only changes HPML through
reinterpretation of it. That led to a new mass model. More-
over, it led to unification of HPML and HPET with the ex-
istence of the maximum speed of energy propagation c.
Universality and meaning of this result can be question-
able if one assume that in established QM, uncertainty re-
lation refers to all noncommutative observables [26], while
MCA’s version only to location, momentum, energy, and
time. But, taking, according to E.P.Wigner, that unification
of physical rules it the deepest level of physical under-
standing [32], then this unification and MCA’s main result,
shed anew light onQMas a fundamental theory. This state-
ment gets stronger after taking that MCA puts HPML and
HPET, through unification of those with c, on the same
physical ground which does not exist in current theories.
Let find this new level of fundamentality.

To do that let go back to QM foundation. Key step in
QM creation in the form as it is now - with Schrodinger
equation as a basic evolution equation - was using the
analogy between matter and light description. This anal-
ogy, called Hamilton’s analogy, has been crucial in finding
the proper evolution equation of QM by Schrodinger [61].

But, looking at this connectionbetweenoptics andme-
chanics throughMCA, one can state that this analogy turns
into equivalence. It is so, because according toMCA’smain
result (25a), mass is built by the speed of light. Thus, just
like light behaves in some situations like wave, thus par-
ticles, since those are also made by light, behave in some
situation like waves, which QM describes. Thus, in a still
open debate on the nature of wave in QM [67], MCA gives
an answer that this wave is directly related to light. To see
the whole context of this equivalence, let notice that MCA
does not introduce any new fundamental law or rule. Ac-
cording to MCA, such a rule already exists, and it is an
least action rule in the formof Fermat principle, equivalent
to Hamilton principle and canonical equation fromwhich,
under transitions into operators, the Schrodinger equation
was born [27]. Thus, MCA does not introduce some new
descriptions of Nature’s behavior. Instead, MCA shifts the
fundamentality level of quantities. Namely, according to
MCA, particles and fields which are accommodated with

these particles (bosons) are made by the speed of light.
Thus, inMCA the fundamental andonly quantity is a speed
of light and that is the new fundamentality introduced by
MCA. InMCA, speed of lights creates not only particles and
fields, but also time. Indeed, using (27), one can obtain
that time is created by the zero points. Thus, in MCA, parti-
cles, fields and time are only a modulation of a light speed
field. The concept that time is not a fundamental quantity
is not new. It has been studied e.g. in [68, 69]. But, in that
matter, MCA proposes a substitute for time – zero points.
This new image of timewill be studied in thenextworks de-
voted to MCA’s development, made by author of this work.

In the final summary, MCA shifts the fundamentality
level from particles and fields to the speed of light. Thus,
every theory, which uses these “old” quantities, fromMCA
perspective cannot be treated as fundamental. That refers
to Quantum Field Theory (QFT) – a base for current, es-
tablished particle physics theory – Standard Model. That
also refers to QM, and that is the new insights that MCA
puts on this theory. Thus, the change that has to be faced
in the further MCA consideration and development is that
speed of light is the only physical quantity. Other quanti-
ties in current theories like particle mass, electric charge,
fields or even time have to find their new image, in which
those are made by speed of light and behave like speed of
light. In other words – MCA’s way to theory of all interac-
tion leads to redefining the basics quantities. Since this re-
defining reaches QM, then it also has to reach QFT and SM,
because QM is foundation for those. Such a road to unifi-
cation of all interaction – by redefining foundational con-
cepts of QM and QFT – is also suggested in [45].

Despite the fact that this change described above
seems to be a radical change, it is not quite so. There are al-
ready material particles combined with fields in quantum
field theories [44, 45, 70]. Such theories describes physi-
cal quantum systems in relativistic approximation – near
c border. But, according to MCA’s result presented at Fig-
ure 7, beyond that border there is also physics. To discover
it, all current physical quantities, like particles, field and
timehave to be combined evenmore. At this deeper level of
combining, all those quantities are made by one quantity
only – speed of light. By taking this courageous step, road
to discovering this yet unknown physics, will be open.

9 Conclusions
The sign of direct or indirect confirmedDMdetection is still
elusive. It means that current DM models do not yield any
significant outcomes. Moreover, DE phenomena are also a
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mystery. This situation generates a need for an alternative
explanation.

MCA is a response to this need. It provides a model
of DM, through introduction of a third group of particles
alongside with fermions and bosons, which interacts only
via gravity.Moreover, this idea provides an explanation for
most current experimental data on DM and DE on bothmi-
cro and cosmic scale. Nevertheless, all currentMCApredic-
tions need to reach precision. DMmass value and its num-
ber in the Universe has to be precisely known, tomake any
accurate predictions. Assuming that every theory should
be calibrated toward experimental data, such a probing of
MCA’s DM and DE can back up a theoretical development
of this idea. This development should be directed at the-
ory which unifies all interactions. The proof is that MCA
provides a new image to similarities between bosonic in-
teraction and gravity. In this new image, the fundamental
and only physical quantity is speed of light. Thus, key step
in this development is transformation of physical quanti-
ties into modifications of a field of the light speed. Laplace
transformation should be a natural tool to do it.

Such a theory, since it also includes DM, will have a
beautiful practical side. Indeed, by using it, one would be
able to make precise predictions on galaxy rotations and
literally reshape the visible world around us by changing
it into DM. This perspective is based only onMCA’s current
stage. New results await with further MCA development.
A new results have been mentioned„ because indeed - at
this stage of MCA’s development some result could not be
seen yet. General reason for that is the fact that MCA was
not born to provide a DM candidate or to explain the DE
phenomena. Themotivation behindMCA creation was the
following question - is a quantum particle inertial mass
built bymore fundamental quantities? This question led to
MCA’s particle mass model which surprisingly contains a
DM sector. It should be underlined that thismodel was ver-
ified by obtainingm0 = E/c2 from it. This equation is one
of themost established equation in themodern physics. In
fact, almost every experiment in particle physics proves
this equation. Thus, since this proved equation can be
obtained from MCA, it can be stated that every proof of
m0 = E/c2 also provesMCA, as amodel from this equation
could be obtained. Taking that into account, the current
MCA’s stage and perspective can now be summarized.

Since the established m0 = E/c2 was obtained from
MCA’s mass model, using MCA, it is known what has been.
Since MCA introduced DM and DE with all the proper-
ties which can explain the current experimental data, it
is known what is. And since MCA directs further experi-
ments, it could be known what will be. That is a proof that
MCA could become a foundation for further theory.
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